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(54) Planetary gear apparatus

(57) A planetary gear apparatus whose gears 21, 22,
23 and 24 are all constituted by continuous shifted gears.
A backlash between the input sun gear 21 and each of
the input side planetary gears 23 is adjusted by pressing
a second carrier plate 26 supporting each integrated pair
of the input side planetary gears 23 and the output side
planetary gears 24 and moving it in the axial length di-

rection by a ball bearing 29 by a screwing operation of
an adjusting nut 29a. A backlash between the output sun
gear 22 and each of the output side planetary gears 24
is also adjusted by pressing the output sun gear 22 and
moving it in the axial length direction by the ball bearing
19 by the screwing operation of the adjusting nut 19a.
Accordingly, the backlash of all meshing portions can be
adjusted during or after completion of the assemblage.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a planetary
gear apparatus capable of transferring rotation from an
input side to an output side while changing gear ratio in
stepless manner from the deceleration range to the ac-
celeration range, and especially to a planetary gear ap-
paratus that is used as a variable gear ratio transmission
mechanism for changing the correspondence between
operation quantity of a steering member and operation
quantity of a steering mechanism, for example in a steer-
ing apparatus of a vehicle.

2. Description of Related Art

[0002] A vehicle is steered by transferring the opera-
tion of a steering member such as a steering wheel to a
steering mechanism via a steering shaft and by changing
the direction of steerring control wheels (in general, right
and left wheels) by the operation of the steering mecha-
nism. In such steering of the vehicle, a good steering feel
can be obtained by changing the correspondence be-
tween the operation quantity of the steering member and
the operation quantity of the steering mechanism accord-
ing to the travel state of the vehicle such as the level of
vehicle speed, the amount of steering angle.
[0003] For example, by making larger the operation
quantity of the steering mechanism than that of the steer-
ing member at a low speed travel or middle speed travel,
the driving operation can be easier as the steered angle
of the wheel gets larger. In contrast, at a high speed trav-
el, by making smaller the operation quantity of the steer-
ing mechanism than that of the steering member, the
stability is heightened as the steered angle of the steer-
ring control wheel gets smaller since the operation quan-
tity of the steering mechanism is smaller even in a quick
operation.
[0004] Conventionally, because of above-mentioned
circumstances, a steering apparatus was developed
such that the rotation transfer from the operation member
side (input side) to the steering mechanism side (output
side) is performed by changing the gear ratio by inter-
posing a variable gear ratio transmission mechanism in
the middle of a steering shaft connecting the steering
member and the steering mechanism. It is preferable that
a variable gear ratio transmission mechanism could
change the gear ratio in stepless manner from the decel-
eration range to the acceleration range and be constitut-
ed compactly. As means for responding to these re-
quests, a variable gear ratio transmission mechanism
using a planetary gear apparatus has been put to practice
use (for example, see ’Nikkei Mechanical’, No. 585, pp.
24-25, June 1st, 2003).
[0005] The conventional planetary gear apparatus as

described above comprises an input sun gear and an
output sun gear, which are supported coaxially, and a
plurality of input side planetary gears and a plurality of
output side planetary gears, which are respectively
meshed with the outer peripheries of the input and output
sun gears and supported on a common carrier. The ap-
paratus further comprises a speed change motor apply-
ing rotation power to the carrier in both forward and re-
verse directions.
[0006] By constituting the conventional planetary gear
apparatus in such a manner, the rotation of the input sun
gear is transferred to the output sun gear together with
the rotation of the input side planetary gears and the out-
put side planetary gears when the carrier is fixed by main-
taining the speed change motor in a non-rotation state.
Accordingly, the output sun gear rotates at the same
speed as the input sun gear, causing the same speed
transmission state with the gear ratio of 1.
[0007] In contrast, when the carrier is rotated in the
same direction as that of the input sun gear by rotating
and driving the speed change motor, the rotation of the
input sun gear is transferred to the output sun gear to-
gether with the rotation of the input side planetary gears
and the output side planetary gears, which revolve with
the carrier. Accordingly, the output sun gear rotates at
the rotation speed of the carrier, that is, the rotation speed
added with the revolution speed of the input side plane-
tary gears and the output side planetary gears, causing
an increased speed transmission state with the gear ratio
larger than 1. On the other hand, when the carrier is coun-
ter-rotated by rotating and driving the speed change mo-
tor, the output sun gear rotates at the rotation speed de-
creased by the rotation speed of the carrier from that of
the input sun gear, causing a decreased speed transmis-
sion state with the gear ratio smaller than 1.
[0008] By interposing the conventional planetary gear
apparatus as described above in the middle of a steering
shaft, connecting the input sun gear to a steering mem-
ber, and connecting the output sun gear to a steering
mechanism, the planetary gear apparatus can be used
as a variable gear ratio transmission mechanism as de-
scribed above and correspond to the change control of
steering property according to the travel state of a vehicle.
In the planetary gear apparatus as described above,
when the speed change motor is driven and rotated with-
out rotation of the input sun gear, the steering mechanism
can be operated without the operation of the steering
member since the output sun gear meshing with the out-
put side planetary gears revolving with the carrier rotates.
This means that corrective steering for correcting an at-
titude change of a vehicle caused by disturbance such
as cross wind, slipping, etc. be also possible.
[0009] The conventional planetary gear apparatus as
described above is a useful, excellent device as a vari-
able gear ratio transmission mechanism in a steering ap-
paratus of a vehicle since the gear ratio can be varied in
stepless manner from the deceleration range to the ac-
celeration range. In an actual use of such a variable gear
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ratio transmission mechanism, however, the rotation di-
rection is frequently switched for conversion of steering
in both right and left directions. As a result, when switch-
ing the rotation direction, this apparatus has a problem
that unusual sounds might be generated at a meshing
portion between the input sun gear and the input side
planetary gears and that between the output sun gear
and the output side planetary gears.
[0010] Such unusual sounds are collision sounds
caused by that the teeth of each gear relatively move
within a backlash range and collide with each other when
switching the rotation direction, and can be eliminated
by constituting so as not to generate backlash at each
meshing portion. However, the apparatus has a problem
that the number of machining and assembling manhours
might be increased since a high level of machining ac-
curacy is required to the input sun gear, the output sun
gear, the tooth surfaces of the input side planetary gears
and the output side planetary gears, as well as support
portions of theses gears for assembling the apparatus in
such a manner.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention is made by taking above-
mentioned circumstances into consideration and its ob-
ject is to provide a planetary gear apparatus capable of
restraining generation of unusual sounds by collision of
gear teeth to each other caused by abrasion of the teeth,
etc. by aged deterioration, etc. enabling quiet operations
without increasing the number of machining and assem-
bling manhours by enabling adjustment of the backlash
of a meshing portion between an input sun gear and input
side planetary gears and that of a meshing portion be-
tween an output sun gear and output side planetary gears
during assemblage or after completion of the assem-
blage.
[0012] A first aspect of a planetary gear apparatus ac-
cording to the present invention is a planetary gear ap-
paratus which comprises an input sun gear and an output
sun gear supported coaxially; a plurality of integrated
pairs of an input side planetary gear meshing with an
outer periphery of the input sun gear and an output side
planetary gear meshing with an outer periphery of the
output sun gear; and a carrier supporting a plurality of
spindles commonly and pivotably supporting each inte-
grated pair of the input side planetary gear and the output
side planetary gear, and transfers rotation of the input
sun gear to the output sun gear while changing gear ratio
in stepless manner by rotating the carrier in both forward
and reverse directions, and is characterized in that the
input sun gear, the output sun gear, each of the input
side planetary gears and each of the output side plane-
tary gears are all constituted by continuous shifted gears
which change an amount of addendum modification con-
tinuously in the axial length direction, and a backlash
adjusting device for adjusting backlash between each of
the gears by moving each of the gears from one side in

the axial length direction to the other side direction is
provided.
[0013] A second aspect of a planetary gear apparatus
according to the present invention, as in the first aspect,
is characterized in that the backlash adjusting device in-
cludes: a first adjusting device for adjusting a backlash
between the input side planetary gear and the input sun
gear, or a backlash between each of the output side plan-
etary gears and the output sun gear by pressing the car-
rier from one side in the axial length direction to another
side and moving each of the input side planetary gears
or each of the output side planetary gears; and a second
adjusting device for adjusting a backlash between the
output sun gear and each of the output side planetary
gears, or a backlash between the input sun gear and
each of the input side planetary gears by pressing the
output sun gear or the input sun gear from one side in
the axial length direction to another side and moving it.
[0014] A third aspect of a planetary gear apparatus
according to the present invention, as in the second as-
pect, is characterized in that the first adjusting device is
provided so as to be operated from outside of a housing
for supporting the input sun gear and the output sun gear.
[0015] A fourth aspect of a planetary gear apparatus
according to the present invention, as in the first aspect,
is characterized in that each of the integrated pairs of the
input side planetary gears and the output side planetary
gears is supported to the carrier in a manner permitting
an integral movmnet in the axial length direction, and the
backlash adjusting device is constituted so as to collec-
tively adjust the backlash between the output sun gear
and each of the output side planetary gears and that be-
tween the input sun gear and each of the input side plan-
etary gears by pressing the output sun gear in the axial
length direction and moving it closely to the input sun
gear, or by pressing the input sun gear in the axial length
direction and moving it closely to the output sun gear.
[0016] In the first aspect of the planetary gear appara-
tus according to the present invention as described
above, since continuous shifted gears are used as for an
input sun gear and an output sun gear, and input side
planetary gears and output side planetary gears, and the
apparatus comprises a backlash adjusting device for rel-
atively moving these gears in the axial length direction,
the backlash adjustment between each gear can be eas-
ily performed during assemblage step, and a variable
gear ratio transmission mechanism can be constituted
such that generation of unusual sounds by collision of
gear teeth to each other at the time of rotation transfer
in both the forward and reverse directions can be re-
strained to enable quiet operations.
[0017] In the second aspect of the planetary gear ap-
paratus according to the present invention, since a carrier
supporting the input side planetary gears and the output
side planetary gears are constituted so as to move from
one side in the axial length direction to the other side by
the first adjusting device while the output sun gear and
the input sun gear are constituted so as to move from
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one side in the axial length direction to the other side by
the second adjusting device, the backlash adjustment
can be easily performed by operating these adjusting de-
vices from the same side.
[0018] In the third aspect of the planetary gear appa-
ratus according to the present invention, since the first
adjusting device can be operated from outside of the
housing, the operation of the first adjusting device is not
obstructed by existence of the second adjusting device,
and accordingly, the backlash adjustment can be collec-
tively performed after the completion of assemblage.
[0019] In the fourth aspect of the planetary gear appa-
ratus according to the present invention, since the input
side planetary gears and the output side planetary gears
are supported so as to move in the axial length direction,
the backlash between each gear can be collectively ad-
justed by an adjusting device for moving any one of the
output sun gear and the input sun gear to the other one.
[0020] The above and further objects and features of
the invention will more fully be apparent from the following
detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0021]

FIG. 1 is a schematic diagram showing an example
of applying a planetary gear apparatus according to
the present invention to a steering apparatus of a
vehicle;
FIG. 2 is a longitudinal sectional view showing a first
embodiment of a planetary gear apparatus accord-
ing to the present invention;
FIG. 3 is a longitudinal sectional view showing a sec-
ond embodiment of a planetary gear apparatus ac-
cording to the present invention; and
FIG. 4 is a longitudinal sectional view showing a third
embodiment of a planetary gear apparatus accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0022] In the following, the present invention is de-
scribed in detail based on drawings showing embodi-
ments according to the present invention. FIG. 1 is a
schematic diagram showing an example of applying a
planetary gear apparatus according to the present inven-
tion to a steering apparatus of a vehicle.
[0023] A steering apparatus 1 shown in FIG. 1 is a so-
called rack-and-pinion type steering apparatus. To be
more concrete, the rotation operation of a steering wheel
10 as a steering member is transferred to a pinion shaft
12 via a steering shaft 11, the rotation of the pinion shaft
12 is converted into a movement in the axial length di-
rection of a rack shaft 13 extended laterally on a vehicle,
which is not shown in the drawings, the movement in the

axial length direction of the rack shaft 13 is transferred
to right and left steering control wheels 14, 14, and thus
steering is performed.
[0024] The steering shaft 11 is rotatably supported to
a column housing 15. Inside the column housing 15, the
steering shaft 11 is divided into two shafts: an upper shaft
11a and a lower shaft 11b (see FIG. 2, FIG. 3, and FIG.
4). The projecting end of the steering shaft 11 (upper
shaft 11a) upward to the column housing 15 is connected
to the steering wheel 10, and similarly, the projecting end
of the steering shaft 11 (lower shaft 11b) downward to
the same is connected to the pinion shaft 12 via a middle
shaft 16.
[0025] The planetary gear apparatus 2 according to
the present invention is constituted inside a gear housing
20 formed by enlarging the diameter of the lower portion
of the column housing 15 as described later. The plane-
tary gear apparatus 2 functions as a variable gear ratio
transmission mechanism for transferring the rotation
from the upper shaft 11a as an input shaft to the lower
shaft 11b as an output shaft in stepless manner from the
deceleration range to the acceleration range while
changing the gear ratio.
[0026] A speed change motor 5 as an actuator for
changing the gear ratio is fixed on outside of the gear
housing 20. The speed change motor 5 is driven and
rotated in both the forward and reverse directions in re-
sponse to the operation commands given from a steering
control unit 6 consisting of a microprocessor to a drive
circuit 5a. The gear ratio is varied according to the oper-
ations of the planetary gear apparatus 2 according to the
rotation of the speed change motor 5, as described later.
[0027] Detection results of various kinds of information
indicating the travel state of a vehicle which might impact
steering, are provided to the steering control unit 6 from
sensors arranged on various portions of the vehicle, such
as a speed sensor 61 detecting the travel speed of the
vehicle, a lateral acceleration sensor 62 detecting the
lateral acceleration applied to the vehicle body, a steering
angle sensor 63 detecting the rotational angle of the
steering shaft 11 by the operation of the steering wheel
10, etc.
[0028] FIG. 2 is a longitudinal sectional view showing
a first embodiment of a planetary gear apparatus 2 ac-
cording to the present invention. As shown in FIG. 2, the
upper shaft 11a and the lower shaft 11b of the steering
shaft 11 have coaxially opposing front ends inside the
gear housing 20. An input sun gear 21 and an output sun
gear 22 are respectively formed on the opposite end por-
tions of the upper shaft 11a and the lower shaft 11b co-
axially as the upper shaft 11a and the lower shaft 11b.
[0029] A plurality of input side planetary gears 23 is
meshed with the tooth portion on the outer periphery of
the input sun gear 21. The same number of output side
planetary gears 24 as that of input side planetary gears
23 are meshed with the tooth portion on the outer periph-
ery of the output sun gear 22. A pair of input side planetary
gear 23 and the output side planetary gear 24 is integrat-
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ed and rotatably pivoted between a first carrier plate 25
coaxially, relatively rotatably, supportedly fitted to the
middle of the upper shaft 11a and a second carrier plate
26 similarly supportedly fitted to the middle of the lower
shaft 11b in a manner enabling integral rotation by a com-
mon spindle 27 fitted in parallel with the upper shaft 11a
and the lower shaft 11b. The first carrier plate 25 and the
second carrier plate 26 form a carrier. Accordingly, the
same number of spindles 27 is provided as that of the
input side planetary gears 23 or the output side planetary
gears 24. The first and second carrier plates 25, 26 are
integrally connected by a connecting member (not shown
in the drawings) spanned at places in the peripheral di-
rection not interfering with the input side planetary gears
23 and the output side planetary gears 24.
[0030] The first carrier plate 25 comprises external
teeth 25a formed entirely on the outer peripheral surface.
The speed change motor 5 is fixed and supported to a
fixing stand mounted on outside of the gear housing 20.
The speed change motor 5 has an output shaft 50 ex-
tended inside the gear housing 20 in parallel with the
upper shaft 11a and the lower shaft 11b at the place
outside the first carrier plate 25. A spur gear 51 is coaxially
fitted and fixed to the middle of the output shaft 50 so as
to mesh with the external teeth 25a on the outer periphery
of the first carrier plate 25.
[0031] In the first embodiment of a planetary gear ap-
paratus 2 constructed in such a manner according to the
present invention, when the speed change motor 5 is
driven and rotated, the rotation is transferred to the first
carrier plate 25 via the spur gear 51, and accordingly,
the first carrier plate 25 rotates together with the second
carrier plate 26 integrally connected to the first carrier
plate 25. As a result, each integrated pair of the input
side planetary gear 23 and the output side planetary gear
24, which is supported on the first and second carrier
plates 25, 26 integrally rotates around the respective
spindles 27 at the respective places on the revolution
periphery while revolving around the upper shaft 11a and
the lower shaft 11b, which supportedly fit the first and
second carrier plates 25, 26.
[0032] The first carrier plate 25 is supported on the
gear housing 20 via a support cylinder 25b coaxially pro-
jected to one side of its outer peripheral portion, and the
second carrier plate 26 is supported to the gear housing
20 via a support cylinder 26b coaxially projected to one
side of its inner peripheral portion, as described later.
The first and second carrier plates 25, 26 are supported
by the gear housing 20 on both the outer and inner sides
of these plates, and thereby, the first and second carrier
plates 25, 26 stably rotate with the transmission from the
speed change motor 5.
[0033] The input sun gear 21 and the output sun gear
22 have an outer peripheral surface with a larger tapered
diameter from the respective opposing side to the other
side, and are constituted as continuous shifted gears of
which the teeth formed on the respective outer peripheral
surfaces are gearcut with continuously changing the

amount of addendum modification from one side in the
axial length direction to the other side. Each of the input
sun gears 23 and each of the output sun gears 24 have
an outer peripheral surface with a larger tapered diameter
from the butt side of the gears to the other side, and are
constituted as continuous shifted gears of which the teeth
formed on the respective outer peripheral surfaces are
gearcut with continuously changing the amount of ad-
dendum modification from one side in the axial length
direction to the other side.
[0034] As described above, the input sun gear 21 and
each of the input side planetary gears 23, which are con-
stituted as continuous shifted gears, have identical incli-
nation for each outer peripheral surface and identical
change state of the amount of addendum modification
determined according to the inclination. Thus, as shown
in FIG. 2, the input sun gear 21 and each of the input
side planetary gears 23 can be meshed in a state where
respective center shafts are supported in parallel with
each other, and the increase and decrease of the back-
lash at the meshing portion of these gears can be adjust-
ed by relatively moving these gears in the axial length
direction in such a state. Quite similarly, the output sun
gear 22 and each of the output side planetary gears 24
can be meshed in a state as shown in FIG. 2, and the
increase and decrease of the backlash at the meshing
portion of these gears can be adjusted by relatively mov-
ing these gears in the axial length direction.
[0035] The input sun gear 21 is constrained in a state
where an upward movement (right in FIG. 2) is prohibited
by a ball bearing 17 for bearing the input sun gear 21 at
the middle of the upper shaft 11a inside the column hous-
ing 15. Each integrated pair of the input side planetary
gear 23 and the output side planetary gear 24 is con-
strained to the second carrier plate 26 by ball bearings
28 respectively bearing the respective pairs of common
spindles 27 in a state where a downward movement (left
in FIG. 2) with respect to the second carrier plate 26 is
prohibited. The second carrier plate 26 has a support
cylinder 26b projecting onto its one side, and the support
cylinder 26b is born by a ball bearing 29. The second
carrier plate 26 is constrained in a state where a down-
ward movement with respect to the gear housing 20 is
prohibited by the ball bearing 29 as described later.
[0036] One end of an annular adjusting nut 29a thread-
edly meshed with a screw portion threaded on the inner
periphery of the gear housing 20 is abutted from the lower
side against the lower side (left in FIG. 2) of an outer ring
of the ball bearing 29 bearing the second carrier plate
26. An annular lock nut 29b threadedly meshed with a
screw portion threaded on the inner periphery of the gear
housing 20 described above is abutted against another
side of the adjusting nut 29a. Thus, the ball bearing 29
is moved upward by the screwing operation of the ad-
justing nut 29a and it is fixed and positioned in a state
where a downward movement is prohibited by clamping
the lock nut 29b at an appropriate position.
[0037] On the other hand, the output sun gear 22 is
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constrained in a state where a downward movement in
the vicinity of a lower end opening portion of the gear
housing 20 is prohibited by the ball bearing 19 for bearing
a journal 18 having a large diameter provided to the mid-
dle of the lower shaft 11b. One side of an annular adjust-
ing nut 19a threadedly meshed with the screw portion
threaded on the inner periphery of the gear housing 20
is abutted from the lower side against the outer ring of
the ball bearing 19. An annular lock nut 19b threadedly
meshed with the screw portion threaded on the inner pe-
riphery of the gear housing 20 described above is abutted
against another side of the adjusting nut 19a. Thus, the
ball bearing 19 is moved upward by the screwing oper-
ation of the adjusting nut 19a and it is positioned and
fixed in a state where a downward movement is prohib-
ited by clamping the lock nut 19b at an appropriate po-
sition.
[0038] In the planetary gear apparatus 2 shown in FIG.
2 having a support structure to the gear housing 20 as
described above, by screwing the adjusting nut 29a and
moving the ball bearing 29, the second carrier plate 26
born by the ball bearing 29 as described above moves
upward, and the input side planetary gears 23 and the
output side planetary gears 24, which are born by the
ball bearing 28 to the carrier plate 26, also move. As a
result, since the input side planetary gears 23 relatively
move with respect to the input sun gear 21 which is pro-
hibited to move upward, the backlash at a meshing por-
tion between both the gears can be appropriately adjust-
ed as described above. The backlash realized by this
adjustment is maintained by clamping of the lock nut 29b.
[0039] Quite similarly, by screwing the adjusting nut
19a and moving the ball bearing 19, the output sun gear
22 born as described above by the ball bearing 19 moves
upward. As a result, since the output sun gear 22 rela-
tively moves with respect to the output side planetary
gears 24, the backlash at a meshing portion between
both the gears can be appropriately adjusted as de-
scribed above. The backlash obtained by this adjustment
is maintained by clamping of the lock nut 19b.
[0040] In the planetary gear apparatus 2 shown in FIG.
2, the backlash at the meshing portion between the input
sun gear 21 and the input side planetary gears 23 can
be adjusted by the screwing operation of the adjusting
nut 29b. And screwing the adjusting nut 19a after that,
the backlash at the meshing portion between the output
sun gear 22 and the output side planetary gears 24 can
be also adjusted, and accordingly, an ideal meshing state
where each gear meshes with each other substantially
without backlash can be securely realized. The screwing
operation of the adjusting nut 19a and the clamping op-
eration of the lock nut 19b can be easily done using an
appropriate tool through the opening portion at the lower
end portion of the gear housing 20. The clamping oper-
ations of the adjusting nut 29a and the lock nut 29b can
be similarly done through the opening portion at the lower
end portion of the gear housing 20 before assembling of
the ball bearing 19.

[0041] In the steering apparatus shown in FIG. 1 com-
prising the planetary gear apparatus 2 constructed in
such a manner, when a steering wheel 10 is rotated for
steering, the upper shaft 11a connected to the steering
wheel 10 rotates and the input sun gear 21 of the plan-
etary gear apparatus 2 also rotates.
[0042] When the speed change motor 5 is not driven
and rotated and the first carrier plate 25 is constrained
in a non-rotation state, by the rotation of the input sun
gear 21, each of the input side planetary gears 23
meshed with the input sun gear 21 rotates around the
respective spindle 27. Thus, each of the output side plan-
etary gears 24 using each spindle 27 as a common spin-
dle rotates, and a rotation forth is applied to the output
sun gear 22 meshed with the output side planetary gears
24, and accordingly, the lower shaft 11b to which the
output sun gear 22 is fixed also rotates. The rotation of
the lower shaft 11b is converted into a movement in the
axial length direction of a rack shaft 13 meshed with a
pinion shaft 12, and the movement is transferred to right
and left steerring control wheels 14, 14.
[0043] At that time, since transferring of the rotation
from the upper shaft 11a to which the input sun gear 21
is fixed to the lower shaft 11b to which the output sun
gear 22 is fixed is the same speed transmission with the
gear ratio of 1, the steering control wheels 14, 14 are
steered for an angle corresponding to the operation di-
rection and operation quantity of the steering wheel 10.
[0044] In contrast, when the speed change motor 5 is
driven and rotated and the first carrier plate 25 is rotated
in the same direction as the input sun gear 21, the rotation
of the input sun gear 21 is transferred to the output sun
gear 22 together with each integrated pair of the rotation
of the input side planetary gear 23 and the output side
planetary gear 24, which revolve with the first carrier plate
25. As a result, the output sun gear 22 rotates at the
speed increased by the revolution speed by the rotation
of the first carrier plate 25 than the input sun gear 21. At
that time, since transferring of the rotation from the upper
shaft 11a to the lower shaft 11b becomes an increased
speed transmission with the gear ratio larger than 1, the
steering control wheels 14, 14 are steered larger than
the operation quantity of the steering wheel 10.
[0045] On the other hand, when the speed change mo-
tor 5 is driven and rotated and the first carrier plate 25 is
rotated in the reverse direction with respect to the input
sun gear 21, the output sun gear 22 rotates at the speed
decreased by the revolution speed by the rotation of the
first carrier plate 25 than the input sun gear 21. At that
time, since transferring of the rotation from the upper
shaft 11a to the lower shaft 11b becomes a decreased
speed transmission with the gear ratio smaller than 1,
the steering control wheels 14, 14 are steered smaller
than the steering quantity of the steering wheel 10.
[0046] The speed change motor 5 is, as described
above, driven in both the forward and reverse directions
according to a control command given from a steering
control unit 6 based on the detection result of the travel
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state of a vehicle given from the speed sensor 61, the
lateral acceleration sensor 62, the steering angel sensor
63, etc.
[0047] The steering control unit 6 is constituted so as
to generate a control command to drive and rotate the
speed change motor 5 in the same direction as the op-
eration direction of the steering wheel 10 when the vehi-
cle speed detected by the speed sensor 61 is low or mid-
dle, and on the contrary to drive and rotate the speed
change motor 5 in the reverse direction of the operation
direction of the steering wheel 10 when the vehicle speed
is high. Thus, since the steering angle of the steering
control wheels 14, 14 is larger than the operation quantity
of the steering wheel 10 during low speed or middle
speed travel, the driving operation would be easier. Dur-
ing a high speed travel, since the steering angle of the
steering control wheels 14, 14 is smaller than the oper-
ation quantity of the steering wheel 10, an unstable be-
havior of the vehicle due to quick steering can be pre-
vented and travel stability would be increased.
[0048] The lateral acceleration sensor 62 detects lat-
eral acceleration of the vehicle. When the detected lateral
acceleration is excessively large, the steering control unit
6 drives and rotates the speed change motor 5 in the
reverse direction to the operation direction of the steering
wheel 10 and the steering angle of the steering control
wheels 14, 14 is made smaller. Thus, slipping or spinning
of the vehicle can be prevented. The steering angle sen-
sor 63 detects the rotational angle when the steering
wheel 10 is operated, that is, the steering angle. When
the steering angle detected by the steering angle sensor
63 is small, the steering control unit 6 drives and rotates
the speed change motor 5 in the reverse direction to the
operation direction of the steering wheel 10 and the steer-
ing angle of the steering control wheels 14, 14 is made
smaller. Thus, the straight line stability of the vehicle can
be increased. When the detected steering angle is large,
the steering control unit 6 drives and rotates the speed
change motor 5 in the same direction as the operation
direction of the steering wheel 10 and the steering angle
of the steering control wheels 14, 14 is made larger. Thus,
the driving operation would be easier.
[0049] In addition, the steering control unit 6 also con-
trols the rotation speed as well as the rotation direction
of the speed change motor 5, and it controls so as to
realize an appropriate gear ratio corresponding to the
travel state of the vehicle by continuously changing the
gear ratio. When the speed change motor 5 is driven and
rotated in a state where the input sun gear 21 is not ro-
tated, each of the input side planetary gears 23 meshed
with the not-rotated input side sun gear 21 rotates since
each integrated pair of input side planetary gears 23 and
the output side planetary gears 24 revolve together with
the first carrier plate 25. As a result, the output sun gear
22 meshed with each of the output side planetary gears
24 rotating together with each of the input side planetary
gears 23 also rotates. Accordingly, in this case, the steer-
ing control wheels 14, 14 are steered without the opera-

tion of the steering wheel 10. Thus, the corrective steering
for automatically correcting an attitude change of a ve-
hicle caused by disturbance such as cross wind, slipping,
etc. would be possible.
[0050] In the planetary gear apparatus 2 according to
the present invention, by the backlash adjustment as
done above, the meshing portion between the input sun
gear 21 and each of the input side planetary gears 23,
and that between the output sun gear 22 and each of the
output side planetary gears 24 can be meshed substan-
tially without backlash. Accordingly, since the possibility
of generation of unusual sounds caused by collision of
teeth at the meshing portion of each gear when changing
the operation direction of the steering wheel 10 is almost
none, a good steering feel can be realized and the dura-
bility of each gear can be increased.
[0051] The backlash adjustment, as described above,
can be easily done from one side end portion in the axial
length direction in an assembled state, and the tooth sur-
faces and their bearing portions of the input sun gear 21,
the output sun gear 22, each of the input side planetary
gears 23 and each of the output side planetary gears 24
do not require high machining accuracy, thus reducing
the machining and assembling man-hours.
[0052] FIG. 3 is a longitudinal sectional view showing
a second embodiment of a planetary gear apparatus 2
according to the present invention. The second embod-
iment shown in FIG. 3 presents a similar structure as the
first embodiment shown in FIG. 2 except for the support
structure of the second carrier plate 26 and the bearing
structure of each spindle 27 to the second carrier plate
26 as described later. Accordingly, in FIG. 3, the compo-
nent members corresponding to the first embodiment are
provided with the same reference numerals as in FIG. 2
and the description is omitted.
[0053] In the planetary gear apparatus 2 shown in FIG.
3, the second carrier plate 26 is supportedly fitted to a
lower shaft 11b in a manner to move in the axial length
direction. Each spindle 27 of each integrated pair of an
input side planetary gear 23 and an output side planetary
gear 24 is born to the second carrier plate 26 enabling a
relative movement in the axial length direction of each
spindle 27 with respect to the second carrier plate 26, for
example, by a bearing 30 such as a needle roller bearing,
a slide bearing.
[0054] A push plate 31 is supportedly fitted to a lower
shaft 11b enabling a movement in the axial length direc-
tion so as to oppose to the lower side (left in FIG. 3) of
the second carrier plate 26. Corresponding to each spin-
dle 27, ball thrust bearings 32 are interposed, respec-
tively, to an opposing gap between one side end surface
(end surface opposing to the second carrier plate 26) of
the push plate 31 and the end portions of the second
carrier plate 26 and each spindle 27. By these ball thrust
bearing 32, the downward movements (left in FIG. 3) of
the second carrier plate 26 and each spindle 27 are con-
strained. A push face 31a formed as an inclined surface
with a reduced tapered diameter toward the end face is
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peripherally provided to the outer periphery of the other
end face (lower side end face; which is left in FIG. 3) of
the push plate 31.
[0055] On the other hand, a screw hole 20a penetrating
in the radial direction of a gear housing 20 at the portion
corresponding to the above-mentioned push face 31a of
the push plate 31 positioning inside the gear housing 20
is bored on the peripheral wall of the gear housing 20.
An adjusting bolt 33 is threadedly meshed into the screw
hole 20a, and the front end portion is projected inside the
gear housing 20. A tapered face 33a with a reduced ta-
pered diameter toward the end face is formed on the front
end portion of the adjusting bolt 33 projecting inside the
gear housing 20. The tapered face 33a abuts against the
push face 31a formed on the outer periphery of the end
portion of the push plate 31.
[0056] In a planetary gear apparatus 2 structured in
such a manner, an upward pressing force (right in FIG.
3; and to be more concrete, to a steering member side)
can be applied to the push face 31a of the push plate 31
abutting against the tapered face 33a formed on the front
end portion of the adjusting bolt 33 by enlarging the pro-
jecting length of the adjusting bolt 33 inside the gear
housing 20 by the screwing operation. By applying an
upward pressing force to the push face 31a, the push
plate 31 moves upward (to the steering member side).
By the movement of the push plate 31, the second carrier
plate 26 and each spindle 27, which are born to the push
plate 31 by each ball thrust bearing 32, also move up-
ward, and each integrated pair of input side planetary
gear 23 and the output side planetary gear 24 also moves
upward. However, since the input sun gear 21 cannot
move upward, each of the input side planetary gears 23
relatively moves for the not moving input sun gear 21,
and as a result, the backlash at the meshing portion be-
tween both the gears is adjusted. The backlash between
each of the input side planetary gears 23 and the input
sun gear 21, which is realized by adjusting in such a
manner, is maintained by a lock nut 34 threadedly
meshed with the middle of the adjusting bolt 33 being
clamped to the outer surface of the gear housing 20.
[0057] On the other hand, the backlash between each
of the output side planetary gears 24 and the output sun
gear 22 is adjusted by clamping a ball bearing 19 bearing
the lower shaft 11a by an adjusting nut 19a, as similar
as in the first embodiment shown in FIG. 2, and the ad-
justment state is maintained by positioning the adjusting
nut 19a by clamping a lock nut 19b.
[0058] As described above, in the planetary gear ap-
paratus 2 shown in FIG. 3, the backlash at the meshing
portion between the input sun gear 21 and each of the
input side planetary gears 23 is adjusted by the screwing
operation of the adjusting bolt 33, and the backlash at
the meshing portion between the output sun gear 22 and
each of the output side planetary gears 24 is adjusted by
the screwing operation of the adjusting nut 19a afterward.
Accordingly, in the second embodiment, too, an ideal
meshing state for meshing each gear substantially with-

out backlash can be securely realized.
[0059] In the second embodiment, since the screwing
operation of the adjusting bolt 33 can be done from out-
side of the gear housing 20, all the backlash adjustments
can be done after completion of assemblage of the lower
shaft 11b born by the ball bearing 19. Furthermore, for
example, even when the backlash changes due to abra-
sion at the meshing portion of each gear, the mainte-
nance would be easier since the backlash can be re-
adjusted by the operations of the adjusting bolt 33 and
the adjusting nut 19a from outside of the gear housing
20 without disassembling the apparatus.
[0060] FIG. 4 is a longitudinal sectional view showing
a third embodiment of a planetary gear apparatus 2 ac-
cording to the present invention. The third embodiment
shown in FIG. 4 presents a similar structure as the first
embodiment shown in FIG. 2 except for the support struc-
ture of the second carrier plate 26 and the bearing struc-
ture of each spindle 27 to the second carrier plate 26 as
described later. Accordingly, in FIG. 4, the component
members corresponding to the first embodiment are pro-
vided with the same reference numerals as in FIG. 2 and
the description is omitted.
[0061] In the planetary gear apparatus 2 shown in FIG.
4, the second carrier plate 26 is born to a lower shaft 11b
prohibiting a downward relative movement by a ball bear-
ing 40 capable of thrust-loading fitted to the lower shaft
11b. Both end faces of a cylindrical collar 41 fitted to the
lower shaft 11b are respectively abutted against the lower
side end face of inner ring of the ball bearing 40 and the
upper side end face of inner ring of a ball bearing 19 for
bearing the lower shaft 11b on the gear housing 20. Ac-
cordingly, the ball bearing 40 and the second carrier plate
26 born by the ball bearing 40 can move upward (right
in FIG. 4) integrally with the lower shaft 11b born by the
ball bearing 19, and the output sun gear 22.
[0062] On the other hand, each spindle 27 of each in-
tegrated pair of the input side planetary gear 23 and the
output side planetary gear 24 is born to a second carrier
plate 26 via a bearing 42, for example, a needle roller
bearing, a slide bearing, etc. enabling a movement in the
axial length direction. Accordingly, each integrated pair
of the input side planetary gear 23 and the output side
planetary gear 24 can move in the axial length direction
with respect to the second carrier plate 26.
[0063] In the planetary gear apparatus 2 constructed
in such a manner, the output sun gear 22 moves closer
to the input sun gear 21 by upward moving the ball bear-
ing 19 bearing the lower shaft 11a by the screwing op-
eration of the adjusting nut 19a. At the same time, the
ball bearing 40 is pushed upward via the collar 41, and
the second carrier plate 26 born by the ball bearing 40
also moves upward. At that time, each integrated pair of
the input side planetary gear 23 and the output side plan-
etary gear 24, which are born on the second carrier plate
26 can move to an appropriate position between the out-
put sun gear 22 and the input sun gear 21 by a relative
movement of each spindle 27 with respect to the second
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carrier plate 26. Accordingly, the backlash between each
of the output side planetary gears 24 and the output sun
gear 22, and that between each of the input side planetary
gears 23 and the input sun gear 21 are collectively ad-
justed by the upward movement of the output sun gear
22 as described above. The backlash adjusted in such
a manner is maintained by clamping of the lock nut 19b
from the lower side of the adjusting nut 19a.
[0064] As described above, in the planetary gear ap-
paratus 2 shown in FIG. 4, the backlash between all the
gears can be collectively adjusted by the screwing oper-
ation of the adjusting nut 19a. Accordingly, in the third
embodiment, too, an ideal meshing state for meshing
each gear substantially without backlash can be securely
realized, and the backlash adjustment during assembling
can be easily done. Since the screwing operation of the
adjusting nut 19a can be done from outside of the housing
20, for example, re-adjustment for eliminating a change
in backlash caused by the elapsing abrasion of each gear
can be done without disassembling the apparatus, and
the maintenance would be easier.

Claims

1. A planetary gear apparatus which comprises an in-
put sun gear (21) and an output sun gear (22) sup-
ported coaxially; a plurality of integrated pairs of an
input side planetary gear (23) meshing with an outer
periphery of said input sun gear (21) and an output
side planetary gear (24) meshing with an outer pe-
riphery of said output sun gear (22); and a carrier
(25 and 26) supporting a plurality of spindles (27)
commonly and pivotably supporting each integrated
pair of said input side planetary gear (23) and said
output side planetary gear (24), and transfers rota-
tion of said input sun gear (21) to said output sun
gear (22) while changing gear ratio in stepless man-
ner by rotating said carrier (25 and 26) in both forward
and reverse directions, characterized in that
said input sun gear (21), said output sun gear (22),
each of said input side planetary gears (23) and each
of said output side planetary gears (24) are all con-
stituted by continuous shifted gears which change
an amount of addendum modification continuously
in the axial length direction, and
a backlash adjusting device (29a, 33 19a) for adjust-
ing backlash between each of said gears (21, 22, 23
and 24) by moving each of said gears (21, 22, 23
and 24) from one side in the axial length direction to
the other side direction is provided.

2. The planetary gear apparatus as set forth in Claim
1, wherein said backlash adjusting device includes:

a first adjusting device (29a, 33) for adjusting a
backlash between said input side planetary gear
(23) and said input sun gear (21), or a backlash

between each of said output side planetary
gears (24) and said output sun gear (22) by
pressing said carrier (25 and 26) from one side
in the axial length direction to another side and
moving each of said input side planetary gears
(23) or each of said output side planetary gears
(24); and
a second adjusting device (19a) for adjusting a
backlash between said output sun gear (22) and
each of said output side planetary gears (24), or
a backlash between said input sun gear (21) and
each of said input side planetary gears (23) by
pressing said output sun gear (22) or said input
sun gear (21) from one side in the axial length
direction to another side and moving it.

3. The planetary gear apparatus as set forth in Claim
2, wherein said first adjusting device (29a, 33) is pro-
vided so as to be operated from outside of a housing
for supporting said input sun gear (21) and said out-
put sun gear (22).

4. The planetary gear apparatus as set forth in Claim
1, wherein
each of said integrated pairs of said input side plan-
etary gears (23) and said output side planetary gears
(24) is supported to said carrier (25 and 26) in a man-
ner permitting an integral movmnet in the axial length
direction, and
said backlash adjusting device (19a) is constituted
so as to collectively adjust said backlash between
said output sun gear (22) and each of said output
side planetary gears (24) and that between said input
sun gear (21) and each of said input side planetary
gear (23) by pressing said output sun gear (22) in
the axial length direction and moving it closely to said
input sun gear (21), or by pressing said input sun
gear (21) in the axial length direction and moving it
closely to said output sun gear (22).
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